The vast majority of American middle schools and high schools sell what are known as ''competitive foods,'' such as soft drinks, candy bars, and chips, to children. The relationship between consumption of sugar-sweetened drinks and snacks and childhood obesity is well established, but it remains unknown whether competitive food sales in schools are related to unhealthy weight gain among children. The authors examined this association using data from the Early Childhood Longitudinal Study, Kindergarten Class. Employing fixed effects models and a natural experimental approach, they found that children's weight gain between fifth and eighth grades was not associated with the introduction or the duration of exposure to competitive food sales in middle school. Also, the relationship between competitive foods and weight gain did not vary significantly by gender, race/ethnicity, or family socioeconomic status, and it remained weak and insignificant across several alternative model specifications. One possible explanation is that children's food preferences and dietary patterns are firmly established before adolescence. Also, middle school environments may dampen the effects of competitive food sales because they so highly structure children's time and eating opportunities.
Schools are often blamed for the production and perpetuation of widespread social problems and inequalities. Yet growing evidence suggests that we may be blaming schools for problems that originate in children's homes and neighborhoods (Downey, von Hippel, and Broh 2004; Downey, von Hippel, and Hughes 2008) , including the problem of childhood obesity ). Here, we focus on the influence of ''competitive foods'' on children's weight. Competitive foods are sold in competition with the National School Lunch Program (NSLP) and the School Breakfast Program and include items such as soft drinks, candy bars, potato chips, cookies, and doughnuts. These foods are often sold in vending machines or snack bars and are not required to meet the nutrition guidelines for school meals established by the U.S. Department of Agriculture (USDA; Larson and Story 2010) .
Over the past decade, pressure has been placed on schools to reduce or eliminate vending machines and the sale of junk food to children (Committee on School Health 2004; Price, Murnan, and Moore 2006; Sothern 2004) , and in 2006, the American Beverage Association pledged to stop selling sugar-sweetened soda in public schools. However, it remains unclear whether this focus on schools will reduce the prevalence of child obesity. Children's environments at home and in their communities may provide so many opportunities to eat unhealthy foods 1 Pennsylvania State University, University Park, USA that competitive food sales in schools have little influence on children's weight. And, children may snack less at school than at home because schools structure children's time and activities, including meals. Although prior research has found associations between competitive food sales in schools and children's diet and weight, these studies are inconclusive due to reliance on small samples and cross-sectional data and limited attention to group variations in the effects of competitive food sales.
We contribute to the literature in two key ways. First, we make several methodological innovations in an effort to better approximate the causal effects of competitive food sales. At least two studies have used instrumental variable methods with cross-sectional data to approximate the effects of competitive foods on children's weight status (Anderson and Butcher 2006; Datar and Nicosia 2009) . We build on these efforts by using longitudinal data to estimate the association between the introduction of competitive food sales in children's schools and weight gain from fifth grade to eighth grade, and we exploit variation in the timing of the transition from elementary to middle school to estimate exposure to competitive foods in middle school environments. Second, to gain a more complete assessment of the effects of competitive foods, we assess whether the estimated associations of competitive foods with weight gain vary significantly by gender, race/ethnicity, and family socioeconomic status (SES).
BACKGROUND

Obesity and Competitive Food Sales in Schools
The percentage of overweight and obese children in the United States quadrupled during the past 25 years (National Center for Health Statistics 2004). The most recent estimates suggest that 35.5 percent of 6-to 11-year-olds are either overweight or obese, and 19.6 percent are obese (Ogden et al. 2010) . These trends are often attributed to the types and amounts of foods and drinks available to children, including those offered for sale in schools. Between 1994 and 2000, the share of middle schools selling soda in vending machines on school grounds increased from 61 percent to 67 percent, and the share of high schools doing so increased from 88 percent to 96 percent (Anderson, Butcher, and Levine 2003) . These percentages appear to have increased even more in recent years (Johnston, Delva, and O'Malley 2007) .
Competitive foods sold in school could directly increase the calories children consume by increasing opportunities to purchase and consume energy-dense sweets, salty snacks, and sugar-sweetened beverages. Currently, soft drinks account for 20 percent to 24 percent of calories consumed by adolescents (Price et al. 2006 ). On a 2,000-calorie diet, this amounts to between 3 and 4 cans of nondiet soda per day. And, soda and other sugar-sweetened drinks have consistently been found to increase the odds of overweight among children and adolescents and significantly contribute to the calories they consume (Cullen et al. 2002; Harnack, Stang, and Story 1999; James and Kerr 2005; Ludwig, Peterson, and Gortmaker 2001; Malik, Schulze, and Hu 2006; O'Connor, Yang, and Nicklas 2006) .
Competitive foods may also increase children's weight indirectly through advertising, which could increase demand for soft drinks and snacks both in and outside school. Soft drink companies try to build lifelong brand loyalty by marketing to children in schools (Nestle 2000) . Schools and school districts negotiate ''pouring rights'' contracts in which drink and snack vendors give schools upfront money (sometimes millions of dollars) and ''incentive items'' such as cups, Tshirts, posters, drink bottles, scholarships, and scoreboards in exchange for exclusive rights to sell their products in schools (Johanson, Smith, and Wootan 2006; Price et al. 2006) . Often, these contracts include specifications about the contents and placement of vending machines in high-traffic areas, hours during which vending machines are made available to students, and financial penalties for lower-than-expected sales (Price et al. 2006) .
But these arguments are somewhat naïve. They merely demonstrate the capacity of competitive foods to contribute to obesity. Competitive foods will not do so if children rarely purchase them. Additionally, the calories from competitive foods purchased at school may replace, not supplement, calories consumed outside of school. Despite pressure to restrict the placement, contents, and access children have to vending machines and competitive foods (e.g., Sothern 2004), the complete elimination of competitive food sales is controversial because of the lack of evidence of the harm of 
Why Competitive Food Sales May Raise the Risk of Child Obesity
The external perspective posits that competitive food sales are likely to raise the risk of child obesity. The key idea is that children primarily consume the foods, either healthy or unhealthy, that are easily available or promoted in their immediate environments, regardless of their level of hunger or food preferences. This position is supported by laboratory studies showing that people will eat more food when it is visible and easier to obtain (e.g., Wansink 2006; Wansink, Painter, and Lee 2006) . In addition, several small-scale experimental or quasi-experimental studies suggest that children are responsive to food cues in school environments. One study (Cullen and Zakeri 2004) examined changes in children's diets as they moved from fourth grade (when they only had access to school lunches) to fifth grade (when they also had access to a snack bar). They found that the children consumed fewer healthy foods and more sweetened drinks in fifth grade. Another study found that high school students were less likely to purchase food from vending machines when there were fewer vending machines or when they were operational for fewer hours (Neumark-Sztainer et al., 2005) . Finally, another study examined children's diets from three middle schools that replaced all snacks and drinks of low nutritional quality. Contrasted with children attending three comparison schools, the children attending the study schools reduced their consumption of junk food at school, with no compensatory increase at home (Schwartz, Novak, and Fiore 2009) . Additional evidence for the external perspective comes from a national-level study conducted by Anderson and Butcher (2006) . Using an instrumental variable approach, they found that a 10 percent increase in the proportion of schools in the county that sold junk food was associated with a 1 percent increase in students' body mass indexes (BMIs).
Why Competitive Food Sales May Not Raise the Risk of Child Obesity
Alternative perspectives suggest that competitive food sales in schools are unlikely to influence children's weight. According to a developmental perspective, children may be relatively insensitive to food choices at school because their food preferences and dietary patterns were already well established in early childhood (Davison and Birch 2002; Davison, Francis, and Birch 2005; Fiorito et al. 2010 ; Van Hook, Baker, and Altman 2010) . If schools restrict children's food and drink choices, children may simply seek these foods elsewhere. Certainly, early childhood experiences and home environments have profound effects on children's dietary patterns (Davison and Birch 2002; Davison et al. 2005) . Some research suggests that children can lose the ability to selfregulate food consumption (and stop eating when full) in early childhood, largely as a consequence of child feeding practices. Daughters whose mothers are restrictive will eat more when given the opportunity to eat forbidden foods than will other girls (Davison et al. 2005; Fisher and Birch 1999; Savage, Fisher, and Birch 2007) . Another study showed a strong correlation between beverage consumption at age five and beverage consumption in middle childhood and adolescence (Fiorito et al. 2010) . Still another study showed that children's weight trajectories between kindergarten and fifth grade are largely explained by children's kindergarten weight (Van Hook et al. 2010) . Constraints within school environments may further limit the effects of competitive food sales on weight status. Schools tend to exert much more control over children's time and activities than do nonschool environments. School days are scheduled from beginning to end, including circumscribed times for eating. Within a 15-to 30-minute time slot, children eat at the same time in the same place with the same children each day. This differs considerably from home environments, where mealtimes are less regular, eating blends with other activities such as TV viewing, opportunities for snacking are greater, and food consumption is less closely monitored, especially for children staying home alone (Anderson et al. 2003) . In general, situations that fail to provide clear signals of when and how much to eat often lead to ''mindless'' eating, that is, snacking without limit and without recognition of the quantity of food consumed (Wansink 2006) . For example, adults eat more on the weekends when they spend more time at home than on weekdays (Haines et al. 2003) . So even if children consume unhealthy food from vending machines and snack bars in schools, it is possible that schools structure children's eating times so much that children do not have the opportunity to go back for more, like they might if they were at home.
Some evidence supports this idea. For example, children appear to consume relatively little soda while they are actually in school. One study based on an analysis of the 1994 and 1998 USDA food consumption surveys found that only 6 percent of soda consumed by children ages 6 to 17 was obtained from vending machines or school cafeterias (French, Lin, and Guthrie 2003) . Similarly, Fletcher, Frisvold, and Tefft (2010) analyzed fifth-and eighth-grade children in the Early Childhood Longitudinal Survey, Kindergarten Class (ECLS-K), and found that children attending schools with vending machines reported consuming more soda at school but the same overall amount of soda (consumed both in school and out of school) as children whose schools do not have vending machines.
Overall, these ideas about child development and school schedules shift the focus from schools to homes as the key environment that influences children's diets. The limited power of schoolbased competitive foods is reflected in empirical studies of children's weight. Fletcher et al. (2010) found no significant differences in BMI or the prevalence of overweight and obesity between children attending schools with and without vending machines, although their analysis was purely descriptive and did not control for other characteristics of children and schools. In a more rigorous analysis of the same data (ECLS-K), Datar and Nicosia (2009) employed an instrumental variable approach to reduce bias due to the selection of heavy (or light) children into certain schools. They found no relationship between children's fifth-grade weight status and the presence or sale of competitive foods in their schools. Finally, von Hippel and his colleagues (2007) used the ECLS-K to examine children's weight gain between kindergarten and the end of first grade. They found that young, school-age children gain more weight in the summer months than during the school year, suggesting that influences in children's homes and communities are more important than school environments for the current childhood obesity epidemic.
The Current Study
These ideas raise important questions about the effects of competitive food sales on children's weight. Unfortunately, most of the evidence on this topic is inconclusive because, aside from a few studies (notably, Butcher 2006 and Datar and Nicosia 2009 ), they do not adequately account for selection effects. As noted above, early childhood experiences and home environments have profound effects on children's dietary patterns (Davison and Birch 2002; Davison et al. 2005; Fiorito et al. 2010; Van Hook et al. 2010) . Heavier children may be more likely to attend schools with competitive food sales because parents who tend to raise overweight or obese children may also be less likely to pressure school administrators to eliminate the sale of junk food at school.
Some research has used instrumental variable approaches to address this concern (Anderson and Butcher 2006; Datar and Nicosia 2009 ). Anderson and Butcher (2006) used school funding levels as instruments for the percentage of schools in a county selling competitive foods. Datar and Nicosia (2009) used the school grade structure as an instrument for competitive food sales, with the idea that schools with younger students are less likely to offer competitive food sales to children. Instrumental variable approaches can yield valid causal estimates because they decouple treatment (exposure to competitive foods) from selection into treatment. But this analytic strategy depends on the assumption that the instrument is not directly related to the outcome (Angrist and Kreuger 2001; Angrist and Pischke 2009) . For example, Anderson and Butcher's (2006) study rests on the assumption that school funding levels have no direct effect on children's weight, even though school funding levels may be correlated with community-level perspectives about food and the perceived threat of child obesity.
Here, we use an alternative approach, a longitudinal research design, to examine the association of the introduction of competitive food sales in schools and children's weight gain. We specifically use fixed effect models to assess how changes in school environments are related to changes in weight. As asserted in a recent literature review, ''No longitudinal studies have examined the possible links between access to competitive foods and students' weight'' (Larson and Story 2010:433) . Although longitudinal studies alone cannot establish causality, they do not rely on the same assumptions as instrumental variable estimation strategies, and they can be used to rule out the possibility of selection of heavier children into schools that sell competitive foods, as opposed to gaining weight only after attending such schools.
A second contribution is that we examine gender, race/ethnic, and socioeconomic variations in the association of competitive food sales with children's weight. Competitive foods may more strongly influence boys than girls if girls are more likely to engage in ''social dieting,'' eating less in the company of their peers at school. Our expectations about racial minority and poor children are less clear. On the one hand, racial minority and poorer children may be less vulnerable to competitive food sales. They have less money to purchase food and drinks from vending machines and snack bars than do students from high socioeconomic households. Additionally, low-SES schools are less likely to sell competitive foods than are high-SES schools (Anderson and Butcher 2006) . On the other hand, racial minority and poorer children may be more vulnerable because they are more likely to attend schools that allow soft drink companies to advertise on school buildings, school grounds, and school buses (Johnston et al. 2007 ).
METHOD
Data and Sample
We used data from the Early Childhood Longitudinal Study, Kindergarten Class of 1998-1999 (ECLS-K). Conducted by the National Center for Education Statistics, the ECLS-K followed a nationally representative sample of roughly 21,410 children from the fall of kindergarten through the fall of eighth grade (1998/ 1999 through 2006/2007 school years) .
1 The data therefore pertain to a time period when the drive to restrict junk food sales in schools was gaining momentum. The study randomly selected 1,000 public and private schools within 100 primary sampling units (counties or groups of counties) and about 23 kindergarteners from each school. The survey collected information from parents, teachers, and school administrators.
Many children in the sample had changed schools between kindergarten and eighth grade. For children who moved between fifth and eighth grade, we do not know how long children had been attending a school with a vending machine, snack bar, or à la carte vendor because this information was collected only from the schools children attended in fifth and eighth grades. To reduce this source of measurement error, we conducted the analyses only for students who attended a school in the same county between fifth and eighth grade.
2 Because of attrition and residential mobility, our sample of eighth-grade nonmovers was considerably smaller than the original kindergarten cohort. For example, out of the original 21,410 kindergarten children, 11,000 remained in the fifth-grade sample and had valid BMI scores. In addition, like most longitudinal data sets, the ECLS-K has missing values. We used multiple imputation using the ICE procedure in Stata (Royston 2007) to fill in missing values on all variables. We used sequential regression multivariate imputation and estimated five distinct values that represent a distribution of plausible values (Rubin 2004) for each missing data point. The imputed values were inserted for the missing data to form five different data sets, all of which were used to generate five sets of multivariate results. We combined the results into one set of regression coefficients and standard errors. In this analysis, we imputed the dependent variable, following the recommendations of Johnson and Young (forthcoming) .
3 Prior to using the imputed data for analysis, the data were checked for irregularities in the means, standard deviations, and ranges, and none were found. The final imputed data set included 19,450 children who attended school in the same county in both fifth and eighth grades.
Measures
Descriptive statistics for all of our measures are presented in Table 1 .
Body mass index. Our dependent variable is children's weight status in fifth and eighth grade. Although competitive food sales are hypothesized to increase children's weight through increased consumption of soda and snacks at school, we do not analyze the food intake measures that are available in the ECLS-K. The reason is that these measures are self-reported by the children for consumption in the previous seven days. Dietary recall is an extremely poor indicator of food intake, particularly for children (Collins, Watson, and Burrows 2010; Guinn et al. 2010; Moore et al. 2010) , so the results of such analyses would be inconclusive.
Height and weight measures were collected from the children during the spring and fall of kindergarten and first grade and during the spring of third, fifth, and eighth grades, which were converted to percentile BMI in accordance with Centers for Disease Control and Prevention guidelines (Kuczmarski, Ogden, and Guo 2002) . Children were classified as ''overweight or obese'' if their BMIs were greater than or equal to the 85th percentile within age-and gender-specific groupings. Percentile BMI was used as the dependent variable in the multivariate models. In our sample, the unweighted mean percentile BMI in fifth grade was 66.9, and 39.1 percent of the children were overweight or obese.
School competitive food sales. In the fifth-and eighth-grade waves of data collection, school administrators were asked a series of questions about the availability of competitive foods for students to purchase: ''At this school, can students purchase food or beverages from one or more Note: The data were imputed using multiple imputation (N = 19,450 children who attended school in the same county in fifth and eighth grades). Standard errors are clustered at the fall kindergarten school.
vending machines at the school, a school store, canteen, or snack bar?'' and ''Does this school offer a la carte lunch or breakfast items to students, that is, items not sold as part of the NSLP School Lunch or the School Breakfast Program?'' Children were also asked the types of food available for purchase at school. We used the information gathered from the principals because of concerns about the quality of the children's responses.
4
For both fifth and eighth grades, we created a dichotomous measure of competitive food sales for schools that sold food through at least one competitive food venue (i.e., vending machines, snack bars, or à la carte). In fifth grade, 59.2 percent of children attended a school selling competitive foods, and by eighth grade, 86.3 percent did so. To assess the effects of exposure to competitive foods in middle school, we also examined the interaction between the number of years the child had attended middle school between fifth and eighth grades (average = 3.1 years).
Additionally, school administrators were asked about the types of foods students could purchase from vending machines, school stores, canteens, snack bars, or à la carte during school hours. Table 2 shows the types of competitive food sold in fifth and eighth graders' schools. Clearly, not all competitive food is high-calorie junk food. For example, among eighth-grade children attending a middle school that sold competitive foods, 44 percent attended a school that sold soda or other drinks that are not 100 percent juice, but 61 percent attended a school that sold fruits or vegetables, and 84 percent attended a school that sold bottled water. Recognizing that the type of food sold may affect children's weight gain, we conducted supplementary analyses of the types of food sold, using two competitive food scales. The healthy food scale (a = .79 in both years) is the sum of items such as skim milk, fruits or vegetables, low-fat yogurt, bottled water, and 100 percent vegetable or fruit juice. The unhealthy food scale (a = .82 in fifth grade and .79 in eighth grade) included candy and chocolate, baked goods, salty snacks, ice cream, and soda.
Unfortunately, the ECLS-K did not collect data about the placement of vending machines or snack bars, hours of operation, and other rules or regulations concerning the sale of competitive foods in the school. Schools vary in the extent they actively sell food to students, so the effect of competitive food sales is likely to vary across schools.
Because we are unable to differentiate among specific competitive food policies, our estimates represent the average effects of competitive food sales across all types of schools.
Controls.
We controlled for a number of timevarying school and family characteristics. School characteristics included the percentage of students receiving a free lunch (37.1 percent in fifth grade) and reduced-price lunch (9.1 percent in fifth grade), school size (number of students as a categorical variable), and the percentage of students who are racial or ethnic minorities (2.8 percent in fifth grade). We also controlled for quality of the school facilities. The school facilities scale was based on several questions assessing the adequacy of the school playground, library, hallways, classrooms, gym, and so on. Higher scores indicated more adequate facilities and school amenities (a = .65, M = 0 in both years). Because prior research found that the level of funding received by a school is associated with vending machines and soda contracts and snack bars, we also control for school revenues per student from state and local tax sources (in $1,000). Family characteristics included parental marital status (in fifth grade, 73 percent of students' parents are married), maternal employment (51.5 percent of mothers work full-time), family SES (a standardized scale created by the ECLS-K survey team based on up to five measures of SES), parental involvement in school, and school choice. To measure involvement, parents were asked about their participation in school fundraisers, volunteer opportunities, school events, parent-teacher conferences, parent-teacher associations, and a school open house. A higher score indicated greater parental involvement (a = .59, M = .00 in fifth grade). School choice was assessed by a question asking parents whether the school their child attends is the regularly assigned school or a school chosen by the parents (35 percent in chosen school in fifth grade; 31.7 percent in eighth grade; 28.9 percent in eighth grade). Finally, we controlled for the age of the child in months at the time of assessment to account for the relationship between maturation and weight status (M = 134.6 in fifth grade; M = 171.4 in eighth grade).
Analysis
Estimates of the simple association between school food policies and children's weight could be biased by the selection of heavy (or lighter) children into schools that sell competitive foods. Our approach is to estimate fixed effects models, which model changes in children's weight as a function of changes in competitive foods. The advantage of fixed effects models is that they control for unobserved non-time-varying variables (Allison 2005) . To estimate the models, we produced a child-grade file that includes two records for each child, one from fifth grade and another from eighth grade. 5 The model is specified as
where W it is child i's percentile BMI at time t(fifth or eighth grade); CF it is a dummy variable indicating competitive food sales in the child i's school at time t; Z it is a vector of school, family, and child characteristics for child i at time t; and e i is an individual-level error term. 6 B 1 provides an estimate of the effects of the introduction of competitive food sales on changes in children's percentile BMI.
Although fixed effects models control for unobserved characteristics that do not change over time, it remains possible that time-varying unmeasured factors may bias the results if they are associated with both the introduction of school competitive foods and children's weight gain. For example, communities that continued to permit competitive food sales in middle school even after the national movement to restrict them took hold in the mid-2000s may also foster behaviors that lead to weight gain for young adolescents. Fortunately, we are able to take advantage of a ''natural experiment,'' a policy that produces variation in children's exposure to competitive foods but nevertheless is not systematically related to the selling of competitive foods in schools. Middle schools are more likely than elementary schools to offer competitive foods (86.3 percent vs. 59.2 percent, respectively). About 18 percent of the children in the ECLS-K transition between fifth and eighth grade from a school environment without competitive foods to one with them. Our insight is that school districts differ with respect to the timing of this transition, and thus they inadvertently differ in the number of years they expose children to competitive food sales. Among the eighth graders in the ECLS-K sample, 46.8 percent started middle school in sixth grade, 20.5 percent started in seventh grade, and nearly all of the rest started in fifth or eighth grade. The timing of the transition from elementary to middle school is itself weakly related to whether or not middle schools have competitive foods.
Of course, children who transition to middle school in sixth grade have a very different sixthgrade experience than those who transition in seventh grade, and their experience differs in more ways than simply by whether their school offers competitive foods (Barber and Olsen 2004; Rudolph et al. 2001) . Children remaining in elementary school will typically be assigned to a single classroom with the same teacher for much of the school day. Also, they are the oldest, not the youngest, children in the school. Some argue that when children spend sixth grade in elementary school, they gain an additional year of childhood free from the influences of older adolescent peers. Thus, earlier transitions to middle school could be associated with faster or earlier weight gain. On the other hand, if middle schools offer children more opportunities for physical activity and sports, earlier transitions to middle school could be associated with slower weight gain. Regardless, it is critical to take into account the possible effects of the timing of the transition to middle school independent of the sale of competitive foods.
We therefore employed a ''double difference'' approach. We estimate the change in percentile BMI of children who attend schools with competitive food sales versus that of other children and then compare these differences across durations of exposure to middle schools. If exposure to competitive foods contributes to weight gain, then an additional year in a middle school with competitive foods should be associated with greater weight gain than an additional year in a middle school without competitive foods, assuming that the underlying effect of years in middle school is the same across schools. To estimate this double difference, we tested the interaction between the number of years students spend in middle school in their school district (YRS i ) and competitive foods (CF it ):
Thus, B 1 is the association of the introduction of competitive foods with changes in children's weight, and B 2 represents the association with children's weight gain of an additional year of exposure to a middle school with competitive foods compared with that of children attending a middle school without competitive foods (i.e., the double difference).
We estimated these models for four groups: (1) all children, (2) children who were not overweight in fifth grade (\85th percentile), (3) children whose schools in fifth grade did not sell competitive foods, and (4) children who were not overweight and whose schools did not sell competitive foods in fifth grade.
7 All four analytic samples were restricted to children who attended school in the same county in both fifth and eighth grades. By restricting some models to those children without competitive foods or those who were normal weight in fifth grade, we ensured that when the child started middle school, he or she had not been exposed to school competitive foods in the past nor had a prior weight problem. We expect the estimate from the final set of models to provide the strongest evidence of the effects of competitive food sales.
Finally, we tested whether the association of competitive foods with children's weight varied by gender, race/ethnicity, and family SES. Although fixed effects models do not permit the inclusion of time-constant variables as predictors (such as sex and race/ethnicity), it is possible to include interaction terms between time-constant and time-varying variables (Allison 2005) . We tested all of the possible interactions between gender, race/ethnicity, and family SES and the competitive foods measures and, in the second set of models, their interactions with years in middle school (i.e., three-way interactions between competitive foods; years in middle school; and gender, race/ethnicity, or family SES).
For all analyses, we adjusted the standard errors in all models to account for the clustering of children within their kindergarten schools.
RESULTS
Descriptive Findings
To assess the effects of competitive foods on children's weight, we first adopt the crosssectional approach taken by most prior research. We compare children's weight by whether their eighth-grade schools sold competitive foods and find no support for the idea that competitive foods increase the risk of obesity. As shown in the upper panel of Table 3 , children whose eighth-grade schools sold competitive foods tended to weigh slightly more in eighth grade than other children. However, these differences are extremely small and not statistically significant.
When we take advantage of the longitudinal data, we again fail to find support for the idea that competitive food sales increase the risk of childhood obesity. We first compared children who moved into middle schools with competitive foods with those who were never exposed. As shown in the lower panel of Table 3 , children who moved into middle schools with competitive foods (''Competitive foods in 8th grade, not in 5th grade'') actually lost weight over time; their percentile BMIs did not change significantly, but the percentage overweight or obese significantly declined by four points. By comparison, children who never attended schools with competitive foods (''No competitive foods ever'') did not experience a significant change in weight. Moreover, we find no statistically significant differences in the change in children's weight or weight status over time. We find similar results when we compare children who always attended schools that sell competitive foods (in both fifth and eighth grades) with children who moved out of such a school (competitive foods in fifth grade only). The children who were always exposed to competitive foods did not gain (or lose) more weight over time than the other children.
Multivariate Findings
The multivariate analysis similarly provides no support for the idea that competitive food sales in schools contribute to children's weight gain. The first set of fixed effect models (based on equation 1) are shown in Table 4 . The results show that changes in competitive foods sales in school are not associated with changes in children's percentile BMI. This finding cut across all four analytic samples. Moreover, we found no evidence that greater exposure to competitive foods increases children's weight. The interaction of competitive food sales Note: The data were imputed using multiple imputation (N = 19,450 children who attended school in the same county in fifth and eighth grades). Standard errors (in parentheses) are clustered at the kindergarten school. Table 4 . Note: The data were imputed using multiple imputation. In the column headings, nonmover indicates the student has attended a school in the same county in fifth and eighth grades; normal weight indicates the child's fifth-grade percentile BMI \ 85; and no 5th CF indicates that the student did not have competitive foods in the fifth-grade school. Note: The data were imputed using multiple imputation. In the column headings, nonmover indicates the student has attended a school in the same county in fifth and eighth grades; normal weight indicates the child's fifth-grade percentile BMI \ 85; and no 5th CF indicates that the student did not have competitive foods in the fifth-grade school.
with years in middle school (the double difference) was insignificant in all four models shown in Table  5 (based on equation 2). These weak and insignificant results represent average effects across all children. But perhaps the effects of competitive food sales vary across groups. To explore this possibility, we tested interactions of each of these variables with competitive foods and years in middle school. None of the interactions were statistically significant. This suggests that our basic conclusion-that the effects of competitive foods are weak and insignificant-does not vary by gender, family SES, or race/ethnicity.
We next conducted a series of robustness checks. We re-estimated all of the models using the dichotomous ''overweight'' indicator as the dependent variable rather than percentile BMI. The results were consistent with the results presented here. Additionally, we estimated the models on a sample of children who were overweight or obese (with a BMI at or above the 85th percentile) in fifth grade. The results mirror those for normal-weight students. Next, we explored the effects of venue. We tested the effects of vending machines alone, snack bars alone, and the sum of all types of competitive food sales. Again, we found no significant effects. Finally, we explored the possibility that the effect of competitive food sales depends on the type of food sold. We estimated the fixed effects models using the healthy and unhealthy food scales in place of the dichotomous competitive foods measure. We found that the type of competitive food purchased during school, whether healthy or unhealthy, was not significantly associated with weight gain.
Finally, we point out that no school, family, or child characteristics were significantly related to changes in children's weight between fifth and eighth grades. It is not just competitive foods that make no difference. In preliminary work, we examined children's weight cross-sectionally, and we found strong associations between children's eighth-grade weight and factors like family SES, indicators of school SES, race/ethnicity, maternal employment, and parental nativity. However, none of these factors explain weight gain among young adolescents. Overall, the results suggest that weight during early adolescence is no longer a direct function of these aspects of family and school contexts (at least not the characteristics we are able to measure) but, rather, is strongly shaped by how heavy children were when they were younger.
DISCUSSION
One of the policy responses to the growing trend in childhood obesity has been to try to reduce children's opportunities to purchase competitive foods in schools or improve the nutritional quality of foods sold. Yet it has remained unclear what impact, if any, these efforts are likely to have on children's weight. The research presented here uses longitudinal data to assess the association of the introduction of and exposure to competitive foods with weight gain among children in middle school. The results suggest that the sale of competitive foods in school is unassociated with weight gain among middle school children. The estimated effect was small and statistically insignificant regardless of how we measured competitive food sales or weight status or which statistical modeling technique we used. Moreover, this basic conclusion did not vary by children's gender, race/ethnicity, or family SES.
This finding should be interpreted within the context of the study's limitations. First, although we go beyond other research by following children's weight and exposure to school environments over time for a nationally representative sample, our study is observational and therefore does not provide true causal estimates such as can be obtained from random-controlled experimental designs. Second, our results do not preclude the possibility that specific school food policies are associated with weight gain among children, such as aggressive advertising efforts or school activities and schedules that actively encourage children to purchase soda, juice, or candy from vending machines. Furthermore, we do not explore variations in this effect with respect to the amount and cost of food and drinks being sold and consumed in schools. In recent years, school districts have restricted the types of foods and beverages sold in vending machines and snack bars, so it would be interesting to assess whether these policy changes have altered food consumption patterns and reduced the risk of obesity among students, as a recent study (Schwartz et al. 2009 ) suggested would be the case. Third, it is important that our findings not be generalized to older children. The effects may be greater for high school students (as was found by Anderson and Butcher 2006) because older adolescents have less rigid school schedules and more freedom and money to purchase competitive foods than do the middle school children in our study. Finally, it is important to understand that we estimate average population-level effects. It remains possible that some individual children may gain weight when given opportunities to purchase competitive foods because they tend to select higher calorie foods or purchase a lot of food.
Despite these limitations, our study of the average effects of competitive food sales lends support to a growing body of evidence (Datar and Nicosia 2009; Fletcher et al. 2010; ) that competitive food sales in elementary and middle schools should not be blamed for the growing obesity epidemic or disparities in childhood obesity at the population level. This conclusion seems inconsistent with the external perspective on children's susceptibility to food cues in school environments. Given the limitations of our study and the strength of prior research, we do not take issue with the basic conclusion about the unhealthy effects of consuming high-calorie food and beverages of low nutritional value or with the idea that easy access to food increases intake. However, we do suggest that cross-sectional studies may be flawed because they do not account for how heavy children were before they attended schools that sell competitive foods. As suggested by the developmental perspective, children's dietary patterns, food preferences, and therefore their weight trajectories may be firmly established by the time they reach middle school. Additionally, as suggested by von Hippel and his colleagues (2007) , children may face greater risks for obesity at home than at school, even if their schools sell competitive foods. Schools are highly structured, hierarchical, and effective at organizing students' time, and structure like this may reduce the time children spend snacking. More research is necessary to assess this idea.
To the extent that the findings reported here are robust to their limitations, they may prove disappointing for those seeking to design schoolbased interventions to improve children's health. Schools seem to be natural places in which to enact cost-effective interventions. Because students are captive audiences, schools can communicate and interact with millions of children for extended periods of time. Schools also have the institutional capacity to coordinate and deliver consistent and well-defined interventions through an army of teachers and administrators. Yet, schools may not be good at addressing the root causes of childhood obesity that originate in children's homes and communities. Not only do we find that competitive food sales within schools are, on average, unrelated to obesity, but other research suggests that school-based interventions to reduce childhood obesity are often unsuccessful (Kropski, Keckley, and Jensen 2008; Sharma 2006) . Overall, schools may help promote better eating and provide opportunities for physical activity, but they do not seem to be effective at changing a student's weight. The challenge is to develop interventions that reach into the home and community. Perhaps those interventions can start with schools, but they probably need to reach beyond them to be effective.
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NOTES
1. Following National Center for Education Statistics data disclosure rules, we round sample size numbers to the nearest 10s place. 2. We originally restricted the sample to children who attended school in the same district in fifth and eighth grade, but we grew concerned about the possibility that some areas have separate primary and secondary school districts, and so children living in these areas would be inaccurately coded as ''movers.'' Therefore, we instead restricted the sample to children whose school is in the same county in both fifth and eighth grades. We also controlled for whether or not students change school districts between fifth and eighth grade. Students who attend a school in the same county are unlikely to change school districts; almost 92 percent of students who do not change school counties remain in the same school district between fifth and eighth grade. 3. Von Claire E. Altman is a sociology and demography doctoral student at the Pennsylvania State University. Her research focuses on immigration and health. She is currently investigating how migration and family transitions affect childhood obesity as well as other health outcomes.
